Systemic fungal infection is rarely reported in dogs. It usually occurs in animals with immune-compromised conditions, such as diabetes, endocrine diseases, tumors, or viral infections \[[@r3]\]. Though *Blastomyces*, *Histoplasma*, *Coccidioides*, and *Cryptococcus* are well-known fungal pathogens that cause systemic fungal infections, other uncommon fungal pathogens have also been reported in dogs \[[@r17], [@r18]\]. Herein, we report a case of a canine with systemic mycosis caused by *Inonotus* sp.

A 3-years-old male golden retriever suffering from persistent lethargy, anorexia, and wobble for a month was referred to the Kagoshima University Veterinary Teaching Hospital. Upon physical examination, the dog was febrile (39.6°C) and lean, with a body condition score of 3 out of 5. Auscultation revealed arrhythmia and tachycardia (261 bpm). Superficial lymph nodes were slightly enlarged. The complete blood count (CBC) and serum chemistry indicated leukocytosis (21.5 × 10^9^/*l*; reference range 5.05 to 16.8 × 10^9^/*l*), mild neutrophilia (13.7 × 10^9^/*l*; reference range 2.95 to 11.6 × 10^9^/*l*), monocytosis (1.9 × 10^9^/*l*; reference range 0.16 to 1.12 × 10^9^/*l*), mild increased blood urea nitrogen level (13.7 mmol/*l*; reference range 3.28 to 10.4 mmol/*l*), hyperglobulinemia (67 g/*l*; reference range 27 to 44 g/*l*), and an elevation of the C-reactive protein concentration (105 mg/*l*; reference range \<10mg/*l*). An abdominal radiography revealed splenomegaly and osteolysis of the L2 and L3 vertebrae ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Right lateral decubitus position. Abdominal radiography revealed splenomegaly and osteolysis between L2 and L3 lumber vertebrae (arrow).). Abdominal ultrasonography showed multiple hypoechoic nodules in the spleen ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Abdominal ultrasonography showing hypoechoic multiple nodules in the spleen.) and enlarged internal iliac lymph nodes. Echocardiography showed the left ventricular septum was hypoechoic and the left endocardium was hyperechoic, indicating heart muscle necrosis and endocarditis, respectively. A fine-needle aspiration (FNA) sample was obtained from a superficial cervical lymph node, the internal iliac lymph node, and spleen ([Fig. 3A](#fig_003){ref-type="fig"}Fig. 3.Fungal hyphae-like structures were observed in the spleen and lymph node. (A) Fine-needle biopsy on the spleen. Thin, poorly septate fungal hyphae (arrows) with neutrofills, Wright--Giemsa, ×100 objective. (B) Fine-needle biopsy on internal iliac lymph node. Septate fungal hyphae were Grocott-stain positive. Grocott, ×100 objective.). Grocott stain-positive fungal hyphae-like structures were observed in the specimens ([Fig. 3B](#fig_003){ref-type="fig"}). From these findings, we tentatively diagnosed this case as systemic mycosis. DNA was extracted from a superficial cervical lymph node using an FNA sample. We performed sequencing of internal transcribed spacer (ITS) regions in fungi amplified by polymerase chain reaction using ITS-1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS-4 (5′-TCCTCCGCTTATTGATATGC-3′) primers \[[@r22]\]. Intergenic spacer (IGS) regions were also amplified using LR12R (5′-GAACGCCTCTAAGTCAGAATCC-3′) and invSR1R: (5′-ACTGGCAGAATCAACCAGGTA-3′) primers \[[@r12]\]. Approximately 800 and 3,500 bp DNA fragments were amplified in the ITS and IGS regions, respectively. The nucleotide sequence of the fragments was determined at a commercial laboratory, Fasmac (Atsugi, Japan) (GenBank accession number LC342676.1, LC348387.1). The nucleotide sequence analysis using a basic local alignment search tool (BLAST) provided by the National Center for Biotechnology Information, showed 99% of homology with *Inonotus pachyphloeus*, a genus of fungi in the family Hymenochaetaceae. The nucleotide sequence of ITS of the colony was the same as that from the superficial cervical lymph node. Aspirate from lymph node was cultured on Sabouraud dextrose agar (SDA; 1% of peptone, 2% of glucose and 2% of agar) at 32°C. Within 7 days, one of the numerous velvety, cottony, white-brownish colonies that developed on SDA was sub-cultured on potato dextrose agar (PDA) (Oxoid Ltd., Hampshire, England), and incubated at 32°C. After 14 days, the isolate appeared as velvety, cottony, white-brownish on PDA. Microscopic examination of the isolate revealed the no-production of conidia and hyphae were hyaline. Because the colony did not form conidia, morphology classification was not possible. PCR ampliﬁcation of the D1/D2 regions of the Large subunit (LSU) was performed with NL1 (5′-GCATATCAATAAGCGGAGGAAAA-3′) and NL4 (5′-GGTCCGTGTTTCAAGACGG-3′) primers \[[@r14]\]. The nucleotide sequence of the fragments was determined at a commercial laboratory, Fasmac (Atsugi, Japan) (GenBank accession number LC523910). The phylogenetic tree was constructed with maximum likelihood algorithm \[[@r10]\]. The bootstrap method was applied to obtain statistical support for the phylogenetic tree branches, by using 1,000 round of resampling, using the Molecular Evolutionary Genetics Analysis (MEGA) computer software version X \[[@r13], [@r20]\]. The LSU sequence analysis comprised 14 LSU sequences of *Inonotus* sp., *Tropicoporus* sp., *Sanghuangporus* sp., *Phellinus* sp., and *Fuscoporia* sp. retrieved from Genbank (NCBI). The LSU sequences obtained from FNA sample showed 100% identity with *I. pachyphloeus*. The phylogenetic tree inferred from the analysis demonstrated that the isolate is identified as *I. pachyphloeus* ([Fig. 4](#fig_004){ref-type="fig"}Fig. 4.Maximum likelihood phylogenetic tree. Derived from the alignment of Large Subunit (LSU) partial sequences of the superficial cervical lymph node (FNA sample), with representative species obtained from GenBank (NCBI). Maximum likelihood bootstrap support values higher than 70% are indicated at the nodes. The tree was rooted to *Fuscoporia senex* and *F. torulosa.*).

Treatment was started empirically with 4.6 mg/kg/twice/day itraconazole (Itraconazole; Kobayashi Kako Co., Ltd., Fukui, Japan) and 6.8 mg/kg enrofloxacin (Baytril; BAYER Pharmaceutical Co., Ltd., Berlin, Germany). One point two mg/kg diltiazem hydrochloride (Herbesser; Mitubishi Tanabe Pharma Co., Ltd., Osaka, Japan) was also prescribed for arrhythmia. Two weeks later, we changed antiarrhythmic agent to 1 mg/kg/twice/day sotalol hydrochloride (Sotacor; Bristol-Myers Squibb Pharmaceutical Co., Ltd., New York, NY, USA) because arrhythmia did not improve. Lymphadenopathy of the body surface, arrhythmia, and tachycardia improved, and plasma C-reactive protein concentration decreased to the normal range (7 mg/*l*) within 4 weeks after starting the treatment. However, the dog presented with a head tilt 5 weeks later. We suspected central nervous system involvement of the fungal infection and changed the antifungal agent to 10 mg/kg fluconazole (Diflucan; Pfizer Inc., New York, NY, USA), but the clinical symptom was not improved, and superficial lymph nodes became enlarged again. We restored the medication to itraconazole (11.3 mg/kg/twice/day) with dose escalation. Three months later, the dog presented with worsened (relapsed) head tilt, horizontal nystagmus, and titubation with marked elevation of C-reactive protein concentration (70 mg/*l*). The macro-dilution assays testing the susceptibility of filamentous fungi to the antifungal drug fluconazole (FLZ), itraconazole (ITZ) and voriconazole (VRZ) were performed according to the CLSI M38-A2 guidelines \[[@r5]\]. Because of the isolate did not produce conidia on the PDA, we pick up amount (approximately 5 cubic millimeter) of a fresh colony and inoculated into 2 m*l* of RPMI1640 medium containing various concentration of antifungals. Minimal inhibitory concentrations (MIC) were determined after incubation at 35°C for 5 days \[[@r2]\]. For the MICs were defined as the lowest concentration that prevents any discernible growth (clear tubes) \[[@r4], [@r5]\]. The MICs for the clinical isolate were 32 mg/*l* for FLZ, 8 mg/*l* for ITZ and 0.0635 mg/*l* for VRZ. From these results, 5 mg/kg/twice/day voriconazole (Voriconazole; Nihon Generic Co., Ltd., Tokyo, Japan) was prescribed, which lead to resolution of symptoms for 7 months except the mild head tilt. Renal function deteriorated gradually, and the dog died suddenly 10.5 months from the first admission, possibly because of arrhythmia. Gross findings of necropsy revealed multiple yellowish white nodular lesions in the spleen ([Fig. 5](#fig_005){ref-type="fig"}Fig. 5.Autopsy photograph showing the spleen with yellowish white nodular lesions.), liver, endocardium of right ventricle, lung, and surface of right femur. Moreover, foci of discoloration and hemorrhage were in the left ventricular myocardium. Macroscopically, there were no remarkable changes in the brain. On histopathological examination, acute myocardial necrosis, suggestive of myocardial infarction, were observed without any organism. In the nodular lesions, multiple granulomas with hyphae were formed in the spleen, liver, endocardium of right ventricle, surface of right femur, and pulmonary hilar lymph nodes. Several mycelial aggregates were observed in the renal pelvic cavity. The pons had a localized perivascular cuffing, mild edema, and acute swelling of oligodendrocytes.

This report describes a canine case of systemic fungal infection caused by *Inonotus pachyphloeus*. Because it is a non-pigmented mold, infection caused by *Inonotus* spp. was recognized as a hyalohyphomycosis. *Inonotus* sp. is placed in the family *Hymenochaetaceae.* The family *Hypmenochaetaceae* contains also species belonging *Tropicoporus* and *Phellinus* genus. Infection caused by the family *Hymenochaetaceae* is rare and only three canine cases and nine human cases could be found in eleven reports \[[@r6],[@r7],[@r8],[@r9], [@r15],[@r16],[@r17],[@r18],[@r19], [@r21], [@r23]\]. In one report, a 3.5-years-old Irish wolfhound was described with an intra-thoracic mass and suspected diskospondylitis. *Tropicoporus tropicalis* (*=Inonotus tropicalis*) was isolated the thoracic mass. The dog was euthanized during thoracotomy and necropsy was not performed \[[@r18]\]. The other case report described a 9-years-old French bulldog with fungal myocarditis with pericardial effusion. *T. tropicalis* was isolated from the pericardial effusion. The dog had been treated with cyclosporine and prednisone for atopic dermatitis at the time of diagnosis \[[@r17]\]. The dog was euthanized without any treatment for *T. tropicalis*. The other case report described a 9-years-old female mongrel dog with a painful mass over the right prescapular area and *T. tropicalis.* was isolated from the mass \[[@r11]\]. The dog was treated with itraconazole, but it was euthanized because of the unfavorable clinical outcome. Seven human cases were in immunocompromised status because of X-linked chronic granulomatous disease, a genetic disorder in which neutrophils are unable to phagocytize bacteria and fungi. *Inonotus* sp. and *Tropicoporus* sp. were isolated from subcutaneous abscesses \[[@r6], [@r7], [@r15], [@r16], [@r19], [@r21]\], lung, and brain \[[@r9]\]. One human patient was immunocompromised because of chronic myeloid leukemia \[[@r8]\]. *Tropicoporus tropicalis* was isolated from the lung and skin. The other one human patient was highly susceptible to infection because of type 2 diabetic mellitus \[[@r23]\]. *Inonotus undulates* was isolated from subcutaneous tissue. In this case, the fungal infection was invasive and the infection had spread to systemic organs, including the spleen, lung, heart, bone, and liver.

In our case, there were no notable clinical history before the episode. The dog and the owner had been living a standard Japanese home and gone for a walk around a suburban area. The dog did not have a medical history associated with an immunocompromised condition, nor received immunosuppressive agents. Hypergammaglobulinemia of the dog indicated the ability to produce antibodies. We evaluated oxygen radical production ability of white blood cells by measuring luminol-dependent chemiluminescence induced by opsonized zymosan using whole peripheral blood \[[@r1], [@r2]\]. Oxygen radical production level was not different from that in control healthy dogs (data not shown). The etiology and the route of infection in the dog are still unknown. Antifungal treatment with itraconazole was not effective for one dog in the previous report \[[@r11]\]. In humans, 6 were breakthrough infections in patients receiving prophylactic itraconazole or posaconazole \[[@r6], [@r7], [@r9], [@r16], [@r19], [@r21]\] and voriconazole was effective for 6 cases in controlling this infection \[[@r6],[@r7],[@r8], [@r15], [@r16], [@r19]\]. In our case, itraconasole was effective as an early stage of infection but could not completely control the infection. From the results of the sensitivity test, we treated the dog with voriconazole to control the infection for several months. However, the dog eventually died from widespread infection.

This is a case report documenting systemic *Inonotus* sp. infection in a dog without any noticeable disease. Although the clinical symptoms were improved temporarily by antifungal agents, this infection carried a poor prognosis and the lesions were observed in the spleen, liver, heart, lung, bone, and other organs. It is necessary to examine more cases to determine the appropriate therapy.
